ability. Air leak was also observed as a parameter of safety. The levels of pressure were compared using the Friedman test followed by the Tukey test as post hoc. 
| INTRODUCTION
Chest drainage is required for a variety of indications, including massive pleural effusion (Havelock, Teoh, Laws, & Gleeson, 2010) ; however, the chest wall drain should be kept in for as little time as possible (Muduly, Deo, Subi, Kallianpur, & Shukla, 2011; Sudharshan, Ferraris, Mullett, & Ramaiah, 2011) . Longer chest drainage times increase the rates of complications (Huang, Lu, Yang, Chou, & Lin, 2016) . The complication rate of chest drainage ranges from 4.8% to 22.3% (Ball et al., 2007; Van Waes, Halm, Van Imhoff, Navsaria, Nicol, Verhofstad, Vermeulen, 2018) .
Among the main complications are placement of the drain in the intraparenchymal region of the lung, empyema, and infection at the site of tube insertion (Ball et al., 2007) . These complications can increase the length of hospital stay (Holbek, Hansen, Kehlet, & Petersen, 2016 ) and lead to a mortality rate of 2% (Van Waes et al., 2018) .
In order to optimize chest drainage and shorten the duration of the tube in the pleural space, strategies such as continuous positive airway pressure (CPAP) have been used (Brims, Davies, Elia, & Griffiths, 2015) . CPAP seems to improve oxygenation and endexpiratory lung volume in people subjected to thoracic drainage (Razazi et al., 2014) . Probably, the lung expansion caused by positive pressure helps the liquid to be absorbed by lymphatic vases. To objectively assess the lung aeration resulting from positive airway pressure, some imaging method like the helicoidal computed tomography scan should be used (Gattinoni, Carlesso, & Cressoni, 2015) . Thoracic computed tomography scan was previously used in a study comparing the regional lung aeration with pressures of 5, 10, and 15 cmH 2 O in patients with chronic obstructive pulmonary disease (Holanda et al., 2010) . Authors reported that the levels of pressure were based on empirical evidence, and they showed that pressures below 5 cmH 2 O cannot aerate areas of the lung and the level of 15 cmH 2 O can aerate more areas (Holanda et al., 2010 ). The unique evidence of level of pressure able to expand lung was showed in patients with pulmonary parenchymal disease (Holanda et al., 2010) . Our hypothesis is that a CPAP of 15 cmH 2 O promotes greater pulmonary aeration than does a CPAP of 4 cmH 2 O or spontaneous breathing in patients after the drainage of pleural effusion. In addition, the effect, tolerance, and safety during a single application of CPAP should be assessed before a clinical trial being conducted.
| Objective
We explored the feasibility of use of CPAP of 4 and 15 cmH 2 O for a randomized controlled trial with patients with drained pleural effusion.
| METHODS

| Design
A feasibility study.
| Participants, therapists, centres
Data collection occurred between April and June 2017. This study was designed to support a clinical trial (Santos & Lunardi, 2015) . The main goal was to determine which level of pressure could be classified as having a true lung-expanding effect and which could be classified as having no therapeutic effect. In addition, the tolerance level and air leak presence were also observed. 
| Intervention
After 24 hr of chest drainage, the inclusion criteria were checked. All selected patients were asked about the level of pain via visual numeric scale. In the sequence, they underwent to thoracic computed tomography (Aquilion 64-Toshiba Medical Systems®, Japan) three times in the sequence, at the same moment of evaluation. Each time, the patient experienced a different level of pressure: 0 (spontaneous breathing), 4 (to test a placebo level), 15 cmH 2 O (Holanda et al., 2010) . However, the sequence of the three pressure levels was randomized by a computer program (Excel, Microsoft). Each condition was supported for 10 min of adaptation plus the scanner for 20 s. After the application of each level of pressure, the patients reported their level of tolerance.
Patients and the radiologist were blinded to the level of pressure that the physiotherapist adjusted on each scanner moment.
| Assessment procedure
Patients were in supine position, with their upper limbs stretched out above their heads. CPAP was generated by a portable device (Resuscitator of Müller®, ENGESP Industry of Hospital Equipment LTDA, Brazil) and applied through a silicone face mask attached to the patient.
Before imaging, all patients were instructed on the procedure and were allowed to adapt to the mask and positive pressure for 10 min.
To capture the images, the patient first performed a deep breath followed by an apnea, and the images were then captured. During the procedure, a physiotherapist assessed the presence of air leakage by observing whether there was bubbling of the liquid in the collector.
| Outcome measures
| Primary outcome
Aerated area was scanned. Cuts had a thickness of 0.3 mm of displacement, increasing the number of analysed structures to increase the quality of the anatomical evaluation. The field of view was FOV-D LL, the cutting time was less than 1 s, tension was 120 kV, 341 was the mA maximum, window level was 40, window width was 400, and the filter was FC03 (image analysis). All evaluations were performed by the same team. The image was reconstructed as a video, and the analysis was performed using the software RadiAnt DICON (Medixant, Poland). The area at each level of pressure was blindly calculated (assessor not involved in previous steps). To illustrate the lung aeration under different pressures level, the image on the cross-sectional plan including the bifurcation of the trachea was obtained (Figure 1 ).
| Secondary outcome
Tolerance level was assessed via analogy scale, ranging among 0 and 10, when 0 means totally intolerable and 10 means totally well tolerable.
| Statistical analysis
The central cross-sectional lung areas under 0, 4, and 15 cmH 2 O levels of pressure were compared through the Friedman test followed by the 
| RESULTS
Initially, 16 patients who have had pleural effusion due to penetrating thoracic trauma consecutively admitted to the hospital were selected for this study. Six of them were excluded (two had intolerance to positive pressure of 15 cmH 2 O, and four patients had hemodynamic instability before the use of CPAP). Ten patients completed the protocol (Table 1 ). The order of levels of pressure for each assessed patient was randomized (Table 2) .
On the basis of the central cross-sectional lung area under different levels of pressure, the statistical analysis showed that 15 cmH 2 O of pressure promotes 16% more expansion than 0 cmH 2 O of pressure.
On the other hand, 4 cmH 2 O promotes 3% more expansion than 0 cmH 2 O of pressure (Table 3 ). The test power for this sample size was retrospectively calculated to be 0.99. No difference was observed on the lung area between pressure of 0 and 4 cmH 2 O (p > 0.05; Table 3 ). The Figure 1 shows the lung of the same patient under different levels of pressure as an illustration. After application of CPAP, the recorded tolerability level was 8 (score from 0 to 10) for a CPAP of 15 cmH 2 O and 10 for a CPAP of 4 cmH 2 O. There was no air leak record in any patient.
| DISCUSSION
To our knowledge, this is the first investigation to compare lung aeration under different levels of CPAP on healthy patients with pleural drainage. Assessment of lung aeration via thoracic computed tomography was performed, and our results show that a pressure of 15 cmH 2 O promotes larger lung aeration compared with that promoted by 4 and 0 cmH 2 O. In addition, there were no tolerance and air leak differences among the three levels of pressure.
Lung aeration has previously been measured in patients under mechanical ventilation, patients with acute lung injury (Pelosi, Rocco, & de Abreu, 2011; Schreiter et al., 2004) , and patients with acute respiratory distress syndrome with a positive end-expiratory pressure between 5 and 10 cmH 2 O and inspiratory pressure of 45 cmH 2 O to evaluate alveolar recruitment (Pelosi et al., 2011) . The authors showed that a positive pressure level influences the rate of the lung area aerated (Pelosi et al., 2011) . In addition, depending on the protocol used in patients with pleural effusion, a pressure level of 5 or 15 cmH 2 O may not show lung aeration differences (Chiumello et al., 2013) , possibly due to the heterogeneity of lung injury, which requires different levels of pressure to expand.
Lung aeration evaluated via thoracic computed tomography has the advantage being able to determine the regional response to pulmonary alveolar recruitment caused by positive pressure (Gattinoni et al., 2015) . Computed tomography is used to assess the extent of this recruit- 
